Oligomerization of the human prion protein proceeds via a molten globule intermediate.
The conformational transition of the human prion protein from an alpha-helical to a beta-sheet-rich structure is believed to be the critical event in prion pathogenesis. The molecular mechanism of misfolding and the role of intermediate states during this transition remain poorly understood. To overcome the obstacle of insolubility of amyloid fibrils, we have studied a beta-sheet-rich misfolded isoform of the prion protein, the beta-oligomer, which shares some structural properties with amyloid, including partial proteinase resistance. We demonstrate here that the beta-oligomer can be studied by solution-state NMR spectroscopy and obtain insights into the misfolding mechanism via its transient monomeric precursor. It is often assumed that misfolding into beta-sheet-rich isoforms proceeds via a compatible precursor with a beta-sheet subunit structure. We show here, on the contrary, evidence for an almost natively alpha-helix-rich monomeric precursor state with molten globule characteristics, converting in vitro into the beta-oligomer. We propose a possible mechanism for the formation of the beta-oligomer, triggered by intermolecular contacts between constantly rearranging structures. It is concluded that the beta-oligomer is not preceded by precursors with beta-sheet structure but by a partially unfolded clearly distinguishable alpha-helical state.